we study subionospheric radio wave propagation data from Ny Ålesund, Svalbard, 7 Norway to determine the origin of the mesospheric NO X . A clear change in the radio 8 wave diurnal variation is observed, starting on January 13, 2004, lasting for 37 days. The behavior is consistent with the ionization, by Lyman-α, of thermospheric NO X 10 descending into the mesosphere from altitudes above 90 km. Estimates of the 11 concentration of NO X required to produce the observed ionization changes are 12 consistent with the levels of previously published stratospheric mixing ratios after the 13
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In this study we analyze ground-based ionospheric data from high latitudes during the 19 northern polar winter of [2003] [2004] . Subionospheric VLF radio wave propagation is 20 sensitive to changes in ionization at mesospheric altitudes, 50-90 km, including 21 ionization of in situ NO X by Lyman-α [Solomon et al., 1982a] , and ionization by 22 particle precipitation. Examples of ionization by particle precipitation are relativistic 23 electron precipitation events during geomagnetic disturbances [Thorne and Larsen, 24 1976], as well as solar proton events [Westerlund et winter we examine the changes in mesospheric NO X concentration to contrast two 30 possible source scenarios: descent from the thermosphere and in situ production via 31 high energy particle precipitation, as described above. In this paper we show that the descending NO X is first seen at altitudes between 65-90 53 km on January 13, 2004, about one month prior to the observations made at 54 stratospheric altitudes (section 3). We identify auroral altitudes (~120 km) as the most 55 likely source of the NO X (section 4). We also show that the driver for in situ 56 mesospheric production of NO X , i.e., energetic particle precipitation events (EPP), are 57 not present during this time, and that the effects of the large storms of We show that downward transport of thermospheric NO X generated by LEPP is more The data presented in Figure 3 confirms that small solar proton events significantly 157 affect the Iceland to Ny Ålesund signal. However, the anomalous period starting In this study we investigate the effects of either in-situ particle precipitation in the 
